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(54) HOLLOW RBER MEMBRANE MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hollow fiber membrane module 
which has high fractional performance and is good in mechanical 
strength and is hardly clogged, and in whioji while long life is kept, 
sufficient permeated quantity of water is secured even with compact 
equipment to improve a filtered flow rate and to lessen a differential 
pressure rise, and which excels in durability. 

SOLUTION: This hollow fiber membrane module 30 is provided with an 
element 34 in which plural knitting cloths 32 each consisting of a hollow 
fiber membrane are arranged along one direction and at least one end of 
the hollow fiber membrane is fixed by a fixing member 44 keeping its 
open state, a housing body 40 for housing the element, a gas supply 
member 36 for supplying gas into the housing body, and a gas dispersing 
body 38 for dispersing and leading gas from the gas supply member. In 
this case, as the hollow fiber membrane, a composite hollow fiber 
membrane is used in which three or more layers of membranes of three- 
dimensional mesh structure having plural fine pores are laminated and as 
an intermediate layer positioned between an outermost layer and an 
innermost layer of the membrane, a dense layer the average pore 
diameter of whose fine pores is smaller than the average pore diameter 
of the fine pores of the outermost and innermost layers is used. 
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^t<Dmw:f]fii]izm-Dxmmmh-tLxm*3aivx-^> 

5 0 omizLxmmmmmmizmKi^ts. -^lt. 01 

(t«JAtf. 0.0 5 2Mni) T^lE^^n*^l<„ ::(75 
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aK a 2, a 3, •••^^ttt"* (IEl«t;^-fO) » 

Tfil^nLTJ:li. ifc. #^Si^AtiljgLfc^aj?L2 
2, 2 2. •••<DlS«:*J6S (»il®?0) , 0 7 

[0 0 3 7] ^^rasiLTtt. fimm^im^i^'t^M 
tt. 012 tc^-r ct 5 1 2 iftrts 1 4 

[0 0 3 8] smm^'bL 

<«4«Ji^±cD«fig75^e,/d:^t)<7)T*-^T. 

t)roT*si. iigasaiti]«S:^^«effli^fcsiji3-r-5;i<h 

TiifflfiT. m^-mizmt&^n^iikmTi^mA^^i^-tfj: 

H^nxt^-g)' i*^";). «(*)SJ;ot)nfflij»C'f5:g-r-s>cD 
'm^'^mtfjiK). m}&i^^t^mi^m^mz\^±^-^^ 

[0 0 3 9] *fgBqcD^^<l;tt^^*^ti. ^CD^?L**^ 
7 5vol%ti.±T$)-5::<!:^'M^ Lli. ^?L*^ 7 5vol 

h r • KPa) eA±<i:-r'5;^^:lCj;0. 



[0 0 4 0] ^mi^tzm-^it^^^mit, m^^i'A(DJ:. 

oizi^xmm^n^o m'L^nmzmm^titz^'D&.±(D 

^zfSinmiimmm^'^ts'i>mm-f)mmtinrzm^<D^ 

[0 0 4 1] m^^umtLx\-i. -j^^y^^i^y^ xnmM. 

U± (5TSL<tiS6.^J;0 1 0~ 1 0 oriStriffl^it- 
■&) If. tttm^lttl 0~4 O-CWUHM^^O. 1 ~3m 

mi^ntz^m^^. 

<«it,^=tO 5~5 orffiViiaS^) T^MS^fToTX 

^.;^j:-2.*ll#4'S«8iNI<^)iSftBEr^*]« f c *J 0 . 8 ~ 0 . 9 
9. ii»«Hffl4^Uv-*^^>/i^*5£#4'^«Wi<©#gag2 
ifi]«f c*^o. 2~o. 7 5<ii;^cSJ;^»c:t9:^Ts;it*« 

[0 0 4 2] li^i^mw^-^wm^^ni^rzi^. mw^ 
m^m\^xmMm^'nu^^§^iinmm.mii-r^o mw 

^fzitm^mw'&^'hi.z^mz'^wiLxntiio^mm 
mm^L'^K if^mimmi,zj:-ox. s-r, isser^i^a 
iimm^'p^H^izii^mmm<nmmm^'o. i^-x-s.^ 

^^ni/^yi7^^^^ii::hmmx$>K>. ^C7)i^5if*« 
0t:~4?'Jv-Ofit.^J;0 5 orfiiiMSro^eHTfTo 

;i(75?^}S#ffl««o~8 or. <t?*L<«i 
0-5 o-cwieHTS^o ^fz. f^mwismtLxit, 

5~2 0 0 tl/^o 5%ti.TT1±5i7Di7^-yi7 

a5fB**t^+^i::^cO. S^^tr^jmm^ibtilzK < 

fji^o *Ac, 2 0 0%$:SA-5)<hXi5' y^7 K^T^^O^ 

}^;5is:io. ^m^TLmm<DmjimAmrr^<Dxiif^ 
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[0 0 4 3] ^LX. •^l^^X'lTOf^mWit. 

it. gWi-r'5?LS(cj;0jii:a^-rn(i=fci>7ii. 50 

~2 0 0 0%. <(fSL<«l 0 0~1 0 0 0%<©<effli: 

TSjg^ft=*WJ:'&*^ 0 . 0 1 ~ 1 Om i n-'(D«effl 

Tff e)Z:<>:;^)WSLCi„ 0. 0 Im i n"' 

*}£#i^co^^^n:*^**i;B<, 1 Cm i n-'ctO t> 

(D^i'mm^i&r (j§««ittoit*p) t^j-^wwoa 
ntmzz(D-^(DmMf)^^\zm Ltzmuxm^^m 

i^^imr^T tit. mmr. ^i^m-fim^^^immt 
[0 0 4 5] :^^m<7)m'^^mw^^mm<D^^^i{,mm 

^ tC vi^ft*>*iBliHt«i;5i6]{cXi5' -y i7 L;tJ^J8T«. 
:K^t^Ai:k^f,K :^^BMXitzo:)^ }*.^m^(7iiz^^ 



= p :7 ^ :/ u juft = ^7 p :7 yj J; 

[0 0 4 6] mmit^rzm'bi^xu\^'>i:}^. »9ift^t>Tx 

rsJ;Ofcfi<?^j:^ (tp/ts>1) J;'5»C*B«#U 

i^m, m.^m\zii\.-^i,wmi\t^nm(r>wmi^ o t/h 

i±^;ii:*^"r^-5, fiL. rp/ r s> 1 0 0 

<7)m^^mm(r)^o\zwL-^\.x^w^-^mz^^i^m^ 
[0 0 4 7] i^MLfm^^it^^im^ii^mm^mizm 

7 ^ ^ COi^fiSgg 1 5 P :7 ^ y u ;KO«ffi?:i^*tta^ 

[0 0 4 8] ::c:TfflViSiR*tt*a^*f^«> x5"U'> 

-^i-^-rtKT)^^ zf<D^m^i^x3^-DX%j:^\ 
mti^\^ti-^-{z^Lxmm^Am<. -yi^ti—*)— 

[0 0 4 9] z(7)m7i^^^m'^f^^m^r^mzis.mr 

i7 "JJPKxxt^jp, t'x;nfnUK>> Ti"j;UT5H 
*#:69/<tSS*ttM^<*iLT«X^U>- f-JPT 

Tt>j:<. m^fS.^tLxttm?nimstii^)\^. (^^ 
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[0 0 5 0] ^^{t'^^im-futi-'d—-^<DmM^^ 

a^#:(^««««7'U;»7— »t-*«»©T 3 ~ 3 0 «« 

%CO$igH*>'S^ b<. 3~ 1 5a»%Tag.n{fctD»i 
Ltio lS*tt*S^«:C0«««A^'3S«%*ii(D«^{b 

a*tt7)t?f:SL. SS*14#^«-&#:rotftfl|«At3 0 

[0 0 5 1] m.y^^i^m'^^(Dmm\t.. y^mMi&^mm 

)V=i—)vm<nT)Vz2—)vm. i^;<^;ux;u*+-> F, 

1 0 ot:*?icoTJP:3-;i/®. ■Esj^tf/:^'/— 

(DSRJ-&«, 90/10~30/70 (voI%) ©^efflf 
[0 0 5 2] iK7Ktt^^a^^rS«««««, O . 1 ~ 1 

0M%S«, L<{iO. 5~5S«%<75«fflT$) 
itL<, 1 0««%<£|BA2.i^?K:fi!i«;ii;^^</j:0iii 

[0 0 5 3] a«^a*?T-5^*tt^^S^#:^?K<7)S* 
L-*— 9— OKI?. ffltifflTLg, ^JL^fCcfcOS/i-STit, 



?t'J(7),^M^*3voi%uA±^in, ia**^*^ia7i^e>-e-(Z)j§ 

t)3 0S>t;l±»ffi^-B-tr-y5^^' >yiSSriST::<J:*W 
[0 0 5 4] COMiilSOgWti, y— ^« 

[0 0 5 5] *ir-y7-^ >^Xg1'Tra!^*tt*a-&#: 

ero^H^«*?g?ott^rttl*il?fiJw^^*^ 3 vol %&,±<D 
[0 0 5 6] -tr -y5"-f >i'xe{c*3it-S>yi/;^— ti-— 

[0 0 5 7] «»«oyW;^7— tf- «««?SJ:0^»B8 
a^flCit^ilf^^t, 5i^±lf(7)^|*«4 5° -9 0° 

ti-+y-iznmL fcft e » j; ^ t 

:^ — ^t- cD?SS75^ ^ coi, ifc, ± If ;5, ,S $ ^ (c J; 0 S/J 
CCO-b-yT^-f >^7'XSTCDlttJiS5«4*$ri«J6^;tJ6CO 

[0 0 5 8] z.ay^v'r^y'fnmx. '>U<h^^Q 
L < , :L(nWi\zmn<D-fvf]—^—t>^i^(Dm^ 

;^^*fT*5n^„ i^\z. -:fvts-^-^mm.mzm^i&Vkm 
^w-mmz-z^Mr^m-^. z<n±yy'^ y^mmt. 

'>;^C < 1 1> 3 0 «'t*±*^'i:^^Tfe^. 3 0 ^}>*i^sro-fe >y 
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[0 0 5 9] Ua. m^-t-yy"^ >i^f^r^^3 Oii>tL 
Ltv -t-jT-^ >Cfxm-C(D-:/\^ij—*)—A^'b<DmM(D 

[0 0 6 0] mwm\zj:-Dxnibtirzm 

fz. w^iimmi,z^^^m<niRii6t)m^r^rztb. 't<D 

[0 0 6 1] mmmm\zMr^wsim(Dmi(^^m^^'i>^ 

^m<r)iRm\zKiL^i,^m^\t. ^mmiz^rz^^A^^ 

[0 0 6 2] -t-yT^i- >i'^*ITL;t:/l/;^— 9— W$t 

it^^^m(nm^\zit 1 2 orji^^iTc^ssTtejai-r^w 

L < , 4 0-7 0 V.(DUSlT'^-r^ z. tf)mtz 

+^^mLr^^mt^i\ :z.o LfzmTK^mmmrUio 
[0 0 6 3] zcDm.Ti^imm^mLrzm'^it'p'^^miz 

ay ^ Zff) )l^m(^¥i^i&mDaf)^0 . 2~0. S/zmTf 
$.-g.<li:7)Wi b<> 0. 3-0. 4 umX$)^Ztfj^^ 

/i. DaA^O. 5 «mK^T«tf'$j!(5!|gT««<S^TOEih^ 



<. 0. 4~0. 5 AtmT^-SiltA^WSLlio Db*«0. 

M«. 0. 4-4. 0 MmT^)^^i:;5WSL<, 0.7 
-2. 0 umT*-5C:i*tJ:0*fSLli„ 5i'P7'f'y 
'j;|/SM*i0. 4 um*SI<D«iM7L*fe03tJ*«^WT 

<Dmmm^mtmTr^m\^\z$>^o 
[0 0 6 4] z(Dni'^it'p^^mx\t. mmm<^z^a 

y^zf^Jjmi^mDBt^j^mcDS.i'uy^z^UJl^m 

mDbCOitf)^ 1 . 3^Db/Da^4. 0 LU^ZtAm^ 
LC^, DbyDa^l.3U±iiri>Zi:X\ ^Mi^&t 

m:>3. Db/DaAM. O^r^^^tSI^X'Slt^TS 

ifs'j^uy^ >(D^\imf}^u.±-r^(Dx\ m^&^'^^it 
mw^^mmrr=bmi^iz$>^o ^rz. m.^^t'p^^ 

gA^'o. 0 5 — 1.0 (im(Dmmz$)^z.ii-Am^L\^''o 
m^^m^^o. 0 5 um^m(D^^^mxit7i^mmmm 
A^is.~f-r^mf^iz$>r). 1 . 0 tim^mz.^m'^. mm 

[0 0 6 5] :^mm<D^-^it^^^mX$>^t. fe^ifi 
go. 0 5-0. 3 iimO:>:!fi^jy^^U>yy^yi7 7.m^^ 
l-iZ-z>l^X(^m.±m dpt.. ^iii«*) ^9 0%J^±<t; 

[0 0 6 6] *^Bq<7)4>^*M^:->'i-JKi. !«F('jt)Dffi 
[0 0 6 7] 

ii1>»JOtttiiP*^e». ^«0. 9 6 6 g/cm^, M Iffi 
1 . 3 5 g/10iDin(7)il5^*4^iJX^U> ( r+i->x-y^^ 

HD-B 1 6 ij mtss.T.m (») S!) 4'rac7Dia:th 

□ *^^>S&«0. 9 6 0 g/cm^. M I ttO. 9 g/lOmin 

(DM^I^^^')X.^U> ( r-;J^n>A-h'5 1 1 Oj * 

^*?:jSM*J5*L/i. Dtaiia««i 7 or 

F*3»ffli)W:ffia 3 . 2 c c/m i n. 3 . 

2 c c /m i n . 0 . 6 5 c c /m i 

n, rt^i:tt'ra«t^1-®®ttai«W:4. 9/1/4. 9, 
Rtai^j^ a 6 . 1 c m/m i n . K ^ "7 Kit 9 7 9 
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T/i*^'b#BfSi)* 6 Om/m i ni3T#^IX0, #UX 
[0 0 6 8] #e.nyt*UXf^W>#B^S: 1 1 srj' 

0%?^M#L, ^\^m^^xi 1 1 tOinl^itpffT^Mft 
a*^5 5 o%»c:;:ci>j;^{cl»M#*fTofc. 

. 3/m i nitfc, Se.(C120t:o 
ffiyu:^—tt— X5^U'>-^W«3 2mol 
;PDC 3 2 0 3J B*^fife<t:^ 



[0 0 6 9] X^y-;i.^M««4 Ovol 

6 0t;«#ffl»4'ICi:±(f:ft*9 0° TiL±lf, 5 

itM^i^-i^m^'^rz^. 7 ox:<Dmm.izx i o 

- (c:*f r -5 x^ w > - tf;i;i. 3 -;u^^«^^*:<d«^« 
mi] 



X 1 0 0 



[0 0 7 0] I'p^^m 2 1 m^L^pimzmm-^ nrz=.-D 

fliJ<Dld:mP*^e., ^*0. 9 6 0 g/cm3, MIfflO. 

9 g/10inin(DiS«S#'JX5^U> ( r-4^n>/\— K 

5 1 1 oj (*) S!) ^mcoatiiim^<h^-^ 

0.9 6 6 g/cm3, M I M 1 . 3 5 g/10min(Z)ii5^a 
#iJx^U> ( r-tJ->7^.yi7HD-B 1 6 1 J Jfi^kfiKl 
H (tt) 38) ^itttB z:S«$igcD4?Ux^l/>4^^ 
*^^ffl!iW*UAc. ^<;)<i:#. liffiM^tt 1 7 CCT. 
rtSfiiJttma 1 . 3 c c /m i n . ^l-SfflRtm* 10.1 
cc/min, rt«<!i^1.»®l»ttii«H:l/7. 7. atOi 
i^iiSl 4. 3 cm/m i n« F 5 "7 hit 7 1 4 t/j:^ 

2 ir. ajgim/s>oi^a]a^*coiiH(ci^— (c^T 

7^£75te.#«{3gSl 0 2m/mi n{CT##BJO. JjtiJX 
[0 0 7 1] f#'infc7}t>jX^^>^®«i:^ 1 1 StZiZ 

mmLfz^^^x^&cD^^i em^f^Mm^n-ofz. 

o%?^M#L. ^i^m^xi 1 ix:c:)i]m^^xf^mw 
mf)^6 0 o%\zu^j:o\zmmw^n-orzo ^©t^. 

f^$tmmmtl . lymi niiLIt, 1 2 0t:<75 

m-^uij—^-^mtz. •-k^z. x5"u>-^wfi3 2iDoi 
%(7)x5^U->- t'r.;i/T)l/a— ( ryry — 
;PDC3 2 0 3j B*^fi£{k*= («^) ») ^7 0'C<7)X 

^ /-)v/^m^mm (jg^jte 0/4 ovoi%) in. 



If. ij^ \'\ziir)mm\zmm\zi^mLtzm^immm(D 

[0 0 7 2] X^5'/-;l/^^«a^4 Ovol 

%, 6 o'C(Df?Ha4'{ciz:±tfft^9 0° ri£±tf. 5 
0 oe-faWa^-ttx:/!^:^— tt-roai[»Lrt«®('S* 
<t:»J^i%-#«^-B-/bt^, 7 Ot:«*i®(CT 1 0 

/\'- 7 ^ - K ^ -fr^c/S^* i^mm^^Lfzo m nrzmTii 

it-^tirz^'&<t^^^m\ziHf?>-:fUti—^-\zM-t^ 

j:.^U>-\d=.)VT)lzi—)l^m'tW(D^W.Mitl 0. 

5mm%x$>-Drzo m^ntzm^it^^^m mmmtf^ 

[0 0 7 3] ['p^fdms'i —o<7)mvi<^t±tii^^m■r 
^'p^^mmmyxJl=^m<^^x±tE'p^^mlxco'pm 

B{-fflt^fc7t^U-7-$rl!tUlfi6. 4 c c/m i nTRtm 
L^SlifeS^^Lfc:. -E-OTBtOfftmiaSti 1 7 Ot:TS)0, 
6 Om/mi n(D#3tji«T#B(-p;t, ^e.nfe*M» 

'p^^^'p^^mi t.mc^mzxmMm. m»mm. 

[0 0 7 4] f^. Si4^, Mco^?L*{i. :^;UPx;u/\* 
a$i*«#n->^-;S'-2 2 lS«rffll>TjB!^Lfe, m 

CDia*««. W?^IKB«7 0~9 0 cm2<7)5r:^>?3. 
--'U^f^fiKL, M/£9 8 k P aT*?a2 srco-f ^>3? 

T. 0. 1 w t %CD#Sfiltt^J (#Uxf^l/>i/U n- 
p--1'y:+i7^;U7xr:;Px— (^R^^^^^g 
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34 0 0J BStSa) {IJ;0 3 2 0 nmOjSfiTffliJ^L. 



mi] 





( JUTd) 




I To ^ 




( // m) 






mmm<^mm 




395 


70 


10 


77 


33,7 


0.230 




388 


68 




77 


30.6 


0.230 


(«j ii) 


410 






69 


25.1 


0.230 



[0 0 7 5] ±iit^^^m 1 ~ 3 ^mf^^X^tl^tl'^^ 

^mmm\zmj:L. ->-htttcgs?fljL. -^(Dmi^ma^ 

i^. tt'^^MSSiSiKiKl 3 2 WS?)fi*«J 1.2m. 
JPSrfflliT, $t«»S«S2 OOP pma).e3iJ§JKSr. 

o^-^-(^)nzxmr)ML. ^m.mmm\zx. lv= 

0 . 1 m Vm2 . h r 1 U#FflSfc 0 

O^fUCT. OUT-I Nro^«JlaaTa7Kj«3fiM»«: 

[0 0 7 6] 
[«2] 















2 3 ' 4 fi 


tt^m 1 




2 5' r. 0 


Jt««2 


•4^^**1 3 


3 0 7 0 
1 



OUT^ I NajST«iift^B*^SrtBtC{4«-rSct 0 fc 
[0 0 7 7] 



: L/B'-hr-kPa at25*C) 

m^^^^i^Wk'^v:^-)V(Di^mmmx^^. ^fz. 
mc^miim'^m'Dm^<n^^f(^m=&^mLtzm^Lit 

co:3>n^ hithm^Zt:^^X'^^o 
[0 0 7 8] ^fz. OUT^IN. IN^OUT<Diig:^ 

fc. ^^^m(D^^m(D^mmfl^. 2 0~5 0timT, 

fii«;o^i«v^-h{c. «3agit«;&iies<. ^ 

fz. ^(DW.^it^^^m<D^KmA^7 5yo\%U±X$> 

•7 U JU^rafiSDa i:3^JtB© 5 d 7 JP^raWDb 
[|lI®roffi#;^£lftB^] 

[El 1 ] ^^^m.^v=L-)V(ii-'^^7n-tmsmmx 

[02] 
[03] 

[HIS] XUpt>hO— 0iJSr^T^1S0-e$)-5, 

[0 6] 4^^*iKSfi!! mm) *^st-¥ffi0T*^. 

[0 7] ^^5i-»;^O-«sj$^-r?4^0-C*-5, 

[0 8] %,^'7f^W(n-m^in-t^^mx9>^. 
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m 9 ] 1t^{l:4'^*Kc7)— «?iJ**-rgP5i^^^0T* 


1 


8 


X ^ ^ K ^ ^ 


"7 




2 


0 




)V 


[EI 1 0 ] ^'^it^^^m^mfS.-r^m<^w::k^Mm 


2 


1 








2 


2 






[ia 1 1 ] mmfS.(D—m^Mm't^rzib(Dmtsi^m'v 


3 


0 




— ;u 


$>^. 


3 


2 








3 


4 








3 


6 








3 


7 








3 


8 






[014] WLmK(D^mm(^m\^:^m^^'r^mm 


3 


9 








4 


0 








4 


2 






1 0 ^^it^^^m 


4 


4 






1 2 


6 


8 






1 4 


7 


0 






1 6 JiR^B 


8 


0 







[01] [122] [03] 




[0 6] [011] [012] 



32 



50 




v/y/ y /y 



y77A 



vzzzzzzzzzzz 
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-16 
-»4 
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-16 
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mi 4] 




